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(54) Integrated radio communication system 

(57) The invention relates to an integrated data 
transfer system, the extensive basis of which is consti- 
tuted by a general cellular radio system, preferably the 
GSM system, and in which a radio local area network, 
preferably the HIPERLAN network, is used for commu- 
nication between data terminals (3a, 3b, 3c, 3d, 3e, 3f) 
in small areas with dense communications. In addition, 
the Internet network (6) is used for fast data transfer. 
The connection between networks is controlled and 
handled by a gateway computer (1) located in each ra- 
dio local area network. In view of the cellular radio sys- 
tem, the gateway computer operates like a base station 
controller (BSC). The radio local area network consists 
of the coverage areas or cells (4b, 4c) of the data termi- 
nals, and it can be formed, changed and dissolved free- 
ly. The computer terminals (3c) preferably have an In- 
ternet address enabling mobility, whereby the gateway 
computer (1 ) handles the routing to the nodes of the net- 
work and the mobile Internet nodes visiting it. In a home 
or small office environment (HE) there can be formed a 
small-scale radio local area network, the gateway (10) 
of which is by means of an existing connection and the 
corresponding general data transfer network (8) con- 
nected to a certain, larger local area network, preferably 
located in an office environment. 
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Description 

The present invention relates to radio data transfer networks in general and, more specifically, to the integration 
of a radio local area network into a larger data transfer network offering global communication possibilities. 

The rapidly developing and expanding telecommunication technology has reached a state in which there are tech- 
nically advanced but mutually incompatible solutions available for different purposes. In general, telecommunication 
systems can be divided into two main groups, one group consisting of voice and facsimile transfer (telephone sen/ice§), 
and the other group of fast digital data transfer between computers. Data terminals of the first group include telephone?, 
voice mail systems, telephone answering machines, telecopiers and facsimile servers. Datatransf.er takes place mainly; 
as circuit switched sen^ices, whereby digitized data are transferred at an even speed, 64 kbiVs at the most, and there 
are no sudden peaks in the transfer speed. In the second group, the data terminals include sen/ers, printers, user 
stations and personal computers, and data transfer takes place as packet switching in local area networks and other 
corresponding networks at a speed which can be as high as 100 Mbit/s, but the data move in the form of bursts, with 

silence between them. , ^ . » , 

The field of telecommunications has become more complicated with the widespread use of data transfer systems 
based on mobile wireless stations. In view of data transfer, they belong to the group of telephone sen/ices, but partic- 
ularly in digital cellular radio networks, it is also possible to offer many sen/ices which have been difficult or impossible 
to implement in PSTN networks (Public Switched Telephone Networks). . , , , 

Because the main criteria on which the user estimates new data transfer systems are ease of operation, level ol. 
20 sen/ices and low operating costs; it is clear that many overlapping systems, each of which only implements part of the 
data transfer tasks required, do not represent an ideal solution. In the development of data transfer, the obiective should 
be to harmonize devices and systems so as to improve the level of service, reduce overlapping and to increase capacity 
The options available should include both fast data transfer in the form of bursts for large amounts of data, and tem- 
porally continuing, high quality telephone connection for communication between people. 

In order to shed light on the background of the present invention, certain prior art solutions regarding integration of 
data transfer and improvement of services are examined at first. In telephone communications, the most advanced 
modern technology is represented by digital cellular radio systems, in which a small, low-weight mobile station (mobile 
phone) can be carried along and used for establishing a telephone connection within the coverage area of the system 
Mobility and the related localization and control of the mobile stations by the system, together with the advantages of 
digital signal processing, such as advanced message services and good encryption and identification possibilities make 
cellular radio systems a strong candidate to become the primary telephone communication system in the future, likely 
to spread all over the world in the course of time. In this application, the GSM system (Groupe Sp6ciale Mobile), which 
is common particularly in Europe, is used as an example of a cellular radio system, but in view of the invention, it is 
not essential which system is concerned. 

In relatively small areas, where there are many users and dense communications, cellular radio systems often 
encounter problems of capacity. Examples of this are city centres, office buildings and airports. In addition, in office 
environments where data transfer between data terminals close to each other is frequently required, it is not practical 
to route internal communications via an external system. A common solution has beed to build a wired local area 
network for high capacity data transfer, for.example a network according to the registered trademarks Ethernet® or 
40 Token Ring® to which the data terminals are connected by means of a special network adapter, and in which packet 
switched data transfer protocols typical of each network are used for the packaging and transfer of data The local area 
networks are often combined into larger entities by arranging the connections between them either by way of a genera 
telephone network such as PSTN (Public Switched Telephone Network) or ISDN (Integrated Sen/ices Digital Network) 
or by way of faster networks developed especially for this purpose, such as the ATM (Asynchronous Transfer Mode) 

45 l^^g, g^gg networks of the wired type are inflexible in view of expansion and adaptation. One alter- 

native solution has been RLAN. Radio Local Area Network, wrtiich is known from many embodiments. For example, 
the patent application WO 93/07684 (Sixtel S.RA.) presents a wireless local area network (RLAN), in which each user 
station participating in network communications is associated with a radio adapter and radio transmitter/receiver, which 

50 has a radio connection to a certain number of fixed base stations (radio bases). The application suggests an interface 
in accordance with the DECT standard (Digital European Cordless Telephone) as the radio interface. In the construction 
according to said application, the base stations are connected by wires to a concentrator, from which there can be a 
further connection to an ordinary wired local area network. 

Other solutions for wireless local area networks are known from the following patent applications: 
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EP 483 545 (IBM) , ^ 

. A method for improving the utilization of frequencies in a system in which several base stations are connected 
to a wired local area network. In order to prevent overlapping transmissions, the base stations are arranged in a 
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daisy chain, and a circulating token controls the order ot transnnission. 

* EP 539 737 (IBM) 

An improved version of the previous nnethod. 

* EP 605 957 (NCR International) 

5 A wireless local area network, in which the mobile stations can switch to another base station. The" base 

stations are connected to each other and to the server that controls the operation of the system by means of a 
wired local area network, and mobility messages that describe the movement of the mobile stations cause rear- 
rangement in the lists which are kept by the base stations and the server for routing the connections, 
r . EP 605 989 (NCR International) . ; ; : ■ 

10 A version of the previous method, in which the decision on switching the mobile station to another base 

station is based on beacon messages sent by the base stations and on measuring their level in the data terminals. 

It is a common feature of the patent applications described above that in the systems presented by them, the data 
terminals communicate with the base stations only, and radio connections between the data terminals are not used. 

is A network of this kind is only a moderate improvement compared to ordinary wired local area networks, because the 
wiring of the base stations is nearly as inflexible as wiring that extends up to the data terminals. A different solution, 
called HIPERLAN (High PErformance Radio Local Area Network), is known from the ETSl (European Telecommuni- 
cations Standards Institute) publications ETR069, ETS! TC-RES, HIPERLAN Services and Facilities document: "Radio 
Equipment and Systems (RES) HIPERLAN Services and facilities / System Definition Document", Feb. 1993. In this 

20 solution, 'the network consists of nodes, each of which is constituted by a radio transmitter/receiver, which can com- 
municate with other corresponding devices. In practice, the properties required from a node include radio operations, 
signal handling capability and memory, and thus its natural embodiment is a computer in which tKe radio components 
are incorporated, for example in the form of a PCMCIA (Personal Computer Memory Card International Association) 
card. 

2S HIPERLAN is intended for arranging internal data transfer in an office environment, and its objective is to combine 

the high capacity of an ordinary LAN with the flexibility of wireless systems. The theoretical range of the radio equipment 
in each node is a maximum of 800 metres at a limited data transfer rate and about 50 metres at the full 20 Mbit/s 
transfer rate. There is no fixed structure, but the users can form an ad /70c network for an application when required. 
The nodes can move and they can be switched on and off. The publications also define special protocol converter 

30 nodes, by means of which the HIPERLAN network can connect to external networks of the standard ISO 8802. which 
include, among others, ordinary wired local area networks and so called city networks (MAN, Metropolitan Area Net- 
works). Protocol conversions take place at the MAC or DLC interfaces (Media Access Control, Data Link Control), 
which are telecommunication concepts generally known to persons skilled in the art. 

Because HIPERLAN is a local network solution, which operates only in a limited area, it is as such not a solution 

35 to the problem of extensive integration of data transfer services stated previously in this document. However, it is an 
essential component in the present invention, and its technical implementation will be explained in more detail in con- 
nection with the description of the invention. 

One network which offers worldwide, fast data transfer service is Internet, a freely formed network based on packet 
switched transfer between computers connected to the network. Nevertheless, Internet cannot be used as a component 

^0 of an integrated data transfer system ot the future in its present form, because the addresses of the nodes or data 
terminals connected to it are defined in a hierarchical tree structure, in which a node is always situated under another 
node, and the data coming to a node are- routed via nodes that are above it in the hierarchy. Because it is an essential 
requirement of the integrated data transfer system of the future that the data terminals are mobile, a node should be 
able to change place from one branch of the routing tree to another. Fixed Internet addresses, like those used presently 

45 do not support changing the place of nodes, but a new Internet protocol is being planned, and the functions defined 
in it enable a node to move from one branch of the routing tree to another, although its Internet Protocol Address (IP 
Address) does not change. The new protocol is called Mobile IP, and it is known from the publication Internet DRAFT, 
"IP Mobility Support", Internet Engineering Task Force (IETF) Network Working Group, May 1994. 

It is an objective of the present invention to provide a data transfer system in which the advantages of the previous 

50 systems are combined and their drawbacks avoided. In addition, it is an objective of the invention to provide a tele- 
communication system, which supports all telecommunication from a mobile station regardless of its location and speed 
(at least up to 250 km/h) and time of day. An objective of the invention is also to reduce the need for overlapping data 
transfer networks, but at the same time also to maintain or to improve the level of service offered to the user. Further- 
more, it is an objective of the invention to provide a data transfer system of the kind described above, which offers both 

55 asynchronous and temporally continous sen/ices. The data transfer system being provided should also offer flexible 
implementation and low costs. 

The- objectives of the invention can be realized by means of an integrated system which has a wide area of oper- 
ation. Its provision of telephone services is based on a cellular radio system, preferably the GSM system, and its 
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locrarea network and the data.transfer protocols, used in said general cellular rado network^ . 
w The tnvention also relates to a radio local area network, which is to be integrated into the general cellular rad.o 

network in Te way described in the invention. The radio local area network according to the invention c«er,^^^^ 
in th^t it has a gateway for establishing a data transfer connection between sa,d radio local area network and said 
witching centre of the general cellular radio network and for carrying out the required protoco '^^"vers.ons between 
rJ dala transfer protocols used in said radio local area network and the data transfer protocols used m said general 

" '^^''I'aS^n' t^rLntion relates to a gateway computer, which is used to establish a .^^'a transfer conn^ct^^ 
between the radio local area network and the switching centre of the general cellular radio network. The gateway 
computer according to the invention is characterized in that it comprises 

a radio transmitter/receiver for offering a radio interface for the data terminals which are located in said radio local 

a'^neTrrnsmitter/receiver for offering an interface to the switching centre of said general cellular radio network. 
Which in^rtTce is essentially similar to the Interface between the switching centre and the base station controller 

defined in said general cellular radio network, and 

mlns for carrying out the required protocol conversions between the data transfer protocols used in said radio 
local area network and data transfer protocols used in said general cellular radio network. 
Furthermore,the invention relatestoamethod by means Of whichadatatransfer connection is established bet^^^^^^ 
two data terminals in the system described above. The method according to the invention ,s characterized .n that 

30 comprises the following operations: 

. the first data terminal, which starts the communication, establishes a connection with the ^^f* 9 J^^^V ^^^^^^^^^^^^ 
which controls the operation of the first radio local area network and notifies that rt wants to establish a data Uansf^r 
ToTnection with a certain second data terminal, and also Informs whether it wants a telephone connection or a 

" . :rrtXa~r determines, on the basis of information saved in Ks storage med^ whether the said 
second data terminal is or is not in the same radio local area network as said first data terminal, 

- ff saiS first and second data terminal are in the same radio local area network, said first gateway computer routes 
the connection between them using the nodes which are in the first radio local area network 

- if-said first and second data terminal are not in the same radio local area network, and said first data terminal has 
inJormed that it wants a telephone connection or a slow data connection, said first gateway computer directs the 
connection request to a certain switching centre of the general cellular radio system 

- if said first and second data terminal are not In the same radio local area network, and said ^^^a *er^^^^^^^^ 
informed that it wants a fast data connection, said first gateway computer directs the connection request v^a a 
certain other gateway computer to a certain general network intended for data transfer between computers^and 

- If said first and second data terminal are not in the same radio local area network, but said second data terminal 
is n a certain other radio local area network, from which there is a connection to said f-t rac^o loca area netv^ork 
by means of a certain third gateway computer and a certain general, wired network intended ^aj^ 
between home and office data terminals, said first gateway computer directs the connection ^^^"^^^ J'y ^ 
said third gateway computer and said general, wired network intended for data transfer between home and office 
data terminals to said second radio local area network. 

It was stated above that cellular radio systems are found to have the best properties for building ^Jjf Pj°"«^^^^^^^^ 
which offers extensive mobility and advanced telephone services. The invention is based on the realization tha^ in a 
TysS^Ti like this it is possible to build "islands" of the HIPERLAN type, within which a data transfer protocol typical of 
Id oTaNs Is used, and wherein the control of the mobility of data terminals is at the same level a-n ext^^^^^^^^^ 
cellular radio system. The data terminals can move within the radio LAN, whereby the radio LAN n 
their movement and reroutes the connections if required, even globally, in which case the general cellular radio network 
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is responsible tor the mobility and routing services between the HtPERLAN islands. Data transfer from one radio LAN 
to another takes place through the general cellular radio network, and the connection between the radio LAN and the 
cellular radio network is innplennented by means of a gateway computer, which also carries out the required protocol 
conversions. In the following description of the invention, the GSM system is used as an example of a cellular radio 

5 system. However, the invention is not limited to GSM applications only, but any other corresponding digital system, 
such as DCS1800 or US-TDMA, can be used as the wide-coverage cellular radio system. 

The invention also includes the realization that a worldwide computer network, such as Internet, can be used as 
the basis of data transfer connections in a data transfer system according to the invention, provided that the addresses 
of the, computers or nodes connecting to.Jt and the. pouting protocol between them are such that they allow the nodes 

10 lo move without losing the uniqueness of their ideritity and the poissibility of routing to other parts of the network. The 
connection between Internet and a dynamically changing radio network of the HIPERLAN type, which functions as a 
LAN also in connection with data transfer, is implemented by means of a gateway computer, which can be either the 
same gateway computer which handles the connections between the radio local area network and the cellular radio 
network, or a different one. 

IS In the preferred embodiment of the invention, local data transfer is arranged in different ways depending on the 

environment. Some environments, such as offices, business buildings, hospitals or airports, have dense communica- 
tions, whereas in other environments, such as homes, small offices or residential areas, communication systems are 
used less frequently. According to this division, the preferred embodiment of the invention includes applications of the 
first and the second category, respectively. The definition of the categories and their technical implementation will be 

20 reverted to hereinafter. 

In the following, the invention will be described in more detail, with reference to the preferred embodiments provided 
by way of example and the accompanying drawings, in which 
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Figure 1 shows a data transfer system according to the invention, particularly an application of the first category. 

Figure 2 shows a data transfer system according to the invention, particularly an application of the second category, 

Figure 3 shows protocol conversions in a gateway computer, which is a part of the system according to the invention, 

30 Figure 4 shows the relations between certain areal specifications in a telecommunication system according to the 
invention, and 

Figure 5 shows a flow diagram of a gateway computer, which can be used in a system according to the invention. 



35 The same reference numbers and markings are used in the figures for corresponding parts. 

Figure 1 shows a data transfer system particularly intended for an office environment, in which case it is an appli- 
cation of the first category. The components which are part of the office environment are drawn in the figure below the 
dotted broken line. In order to illustrate the operation of the system, there is first a description of components which 
are not part of the office environment, but which are known as components of standardized cellular radio systems. 

40 The operational core of a cellular radio system is constituted by Mobile Switching Centres (MSG), associated with 

databases SDB and VDB (Subscriber Database and Visitor DataBase) for saving and using information related to the 
location and status of the data terminals. Under one Mobile Switching Centre there are many Base Station Controllers 
(BSC), each of which controls one or more Base Stations (BS). In the GSM system, the standardised interface between 
the MSC and the BSC is called the A-interface. 

45 The data terminal of the cellular radio system. Mobile Station (MS), has a radio connection to the Base Station 

(BS). whereby the base station transmits the location and status data of the data terminal in question to the data base 
media SDB or VDB of the switching centre MSC, depending on whether the data terminal is one of the Subscribers in 
the area or is there as a Visitor. The Mobile Switching Centre uses the information saved in the databases for guiding 
the paging messages when attempts are made to reach a certain data terminal. The base stations constitute Location 

50 Areas (LA, not shown in the Figure), which represent the accuracy with which the location of one data terminal can be 
defined. When the Mobile Station moves from one location area to another, its location data are updated and the 
connection from the MS to the switching centre MSC is assigned to the base station of the new location area by means 
of a handover operation. 

The following is a description of the parts of Figure 1. which are located in an office environment and constitute an 
S5 entity according to the invention. Within the office, all data transfer takes place in a radio local area network, the nodes 
of which are stations 3a, 3b, 3c, 3d, 3e, 3f. The gateway computer 1 shown in the Figure, which is also one of the 
nodes of the radio local area network, operates as a connecting link between the radio local area network and the 
Mobile Switching Centre, The interface 2 between the Gateway computer 1 and the MSC complies with the same A- 
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intertace standard. Which defines the communications between t^e bas^ 

ina centre MSG and thus the gateway computer 1 appears lil^e any BSC to the switching centre. ««ernai y. 

mmmmmwm 

To^ 2 he^odes 3a 3f of the radio local area network, determines which logical subset of all data terminals with 
comlntcaSn capabi!!y is part of the PVR subnetwork in question. The NID identification, which is unique to each 

-VhrsrsSr^^^^^^ 

tination, the Message Protocol Data Unit (MPDU), not shown in the figure, which belongs to the address portion of the 
message,. contains the following information: 

. Hop Destination Address, the Hiperlan address or tuple of the next following node, 

Hnn qource Address the Hiperlan address or tuple of the next previous node, . . , ^ ^ 

: the F^aToesr^n Address, the Hiperlan address or tuple of the node to which the message is intended, 
. S-J;:af source Address, the Hiperlan address or tuple of the node f-m wh.^^^^^^^^^^ ---g ^H^e nSe'o which 
- Final Destination Address in the tWlAC fomiat, the address according to the standard ISO8802 of the node to wni 

SricTnirsXcVSiss in the MAC format, the address according to the standard 1SO8802 of the node from 
■ ° Tohle message comes from. It is required from the node 3a - 3f that it can '"^P;!';;^-,^,^^^^^^^ 

with the standard ISO8802 of the nearest adjacent nodes as tuples, or Hiperlan addresses. The HIPERLAN netwo k 
Tn med bv mfnSji 3a^^^^ synchronous and temporally continuous data transfer as well as asynchronous 

datrtfans e^nlie fSm data transfer, which is used preferably to transfer vo^e con- 

nXns Sween mo'Te stations that function as data terminals, the data transfer rates are 64 to 2048 kbiV. In 
aSr^chLous data transfer, which is used to transfer data between computers, 7— ^^^^^^^ 
approx 20 MbiUs in good circumstances. The following table contains the most important HIPERLAN parameters. 



Parameter 


Value or description 


Frequency bands 


Frequency bands in the areas 5:2 GHz and 17.1 GHz 


Data transfer rate 


In asynchronous transfer: < 20 MbiVs 

In synchronous transfer: 64 - 2048 kbit/s (at 64 kbit/s intefvais) 


Latency 


in asynchronous transfer: < 1 ms (at 30% load) 
In synchronous transfer: start of connection < 3 s 


'Linear range 


50 m (20 MbiVs) - 800 m (1 Mbit/s) 


1 Power consumption 


A few hundreds of mW 
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(continued) 

I Modulation method GMSK (Gaussian Minimum Shift Keying) | 



In order that a data terminal or node 3a - 3f, which Is part of the system according to the invention, might be a 
Mobile Node that can be recognized by the Internet network 6, certain Home Agent and Foreign Agent functions are 
required from the data transfer system. The Home Agent function means that a certain computer which is part of the 
radio local area network, preferably the same gateway computer 1, which manages the data transfer connections of 
the radio local network to the Internet network 6, can tell which nodes of the radio local area network are defined as 
mobile and which is the current routing to a mobile node when it is somewhere else than its home network. On the 
basis of its information, the Home Agent computer routes the messages sent to the mobile node when the node is 
outside its home network. Correspondingly, the Foreign Agent computer, which in the arrangement according to the 
invention is preferably the same as the Home Agent computer or the gateway computer 1, can tell which nodes that 
are not part of the radio local area network have come to the network from somewhere else to "visit" and how the 
messages are routed to them. The operation of the Foreign Agent computer can be chosen to be such that some 
restrictions are set as to how the nodes from outside can be used in the internal radio local area network of an office. 

Users who have a data terminal 3a - 3f or node of the system according to the invention, can move with the terminal 
anywhere in the area of the office, or the first category application. When the data terminal changes place, the radio 
local area network updates its configuration in a manner such tha't the data terminal, preferably a portable computer 
3c with suitable radio equipment, Is continuously within the range of the network operations which require data transfer 
between the data terminals. 

In the following, an application of the second category will be described with reference to Figure 2. The charac- 
teristic features of an application of the second category include a relatively small communication load as compared 
to the applications of the first category, but the mobility requirements of data terminals are the same. A typical application 
environment is the home, where telephone connections are used, and from where one can also occasionally establish 
a data transfer connection to the computer systems of one's place of work. 

A separate, small HIPERLAN network is formed in the second category application environment. In this network, 
the radio interface between the nodes 10, 3g and 3h is similar to that of the first category application. A similar radio 
interface guarantees that the same data terminals 3g, 3h can be used in applications of both the first and the second 
category, and that in the home environment it is also possible occasionally to carry out tasks that require high transfer 
speed. The home environment has its own gateway computer 10, which is the only fixed node of the environment and 
from which there is a connection to the outside world via a known data transfer network 8. Other nodes of the small 
HIPERLAN network of the home environment (HE) are mobile data terminals 3g, 3h, which can move freely to the 
network and away from it. Particularly advantageously the home-gateway 10 can be connected to some existing data 
transfer connection in order that no. new installations overlapping with the existing networks are needed. Suitable 
connections include those of Public Switched Telephone Network (PSTN), Integrated Services Digital Network (ISDN), 
Cable Television (CATV) or ATM network. It can also use a connection providing access to more than one network, in 
which case the user can, in the preferred embodiment, select the network which is cheapest at the time or otherwise 
the most suitable for a certain purpose. 

For establishing a connection from the home environment via the home-gateway 1 0 and the general data transfer 
network 8, shown in Figure 2 but not specified, to the office environment or the first category application it is required 
that the latter comprises a gateway computer 7, which manages the required protocol conversions. It can be the same 
computer as the gateway computer 1 of the office environment, or a different one. In addition, from the home environ- 
ment it is possible to connect via the general data transfer network to the switching centre of the general cellular 
network, provided that there is a gateway computer 9 between them. In the home environment HE there can also be 
ordinary data terminals TP of the PSTN telephone network, from which data terminals there is a wired connection 
either to an ordinary PSTN network (not shown) or according to Figure 2, to a gatewayH , which has a radio connection 
to the nearest base station BS of a cellular radio system and via the BS to the cellular radio system in question. In all 
connections coming to the home environment, it is preferable to use the existing wired connections. 

In the following, the requirements and technical implementation of the components which are part of the data 
transfer system will be described in more detail. In view of the invention, the most important system component is the 
gateway computer 1. Only the gateway computer of the first category application Will be dealt with here, but for the 
most part the same also applies to the fixed node or home-gateway 10 of the second category application. For the 
sake of clarity, telephone communications and data communications will be dealt with separately In the embodiments 
of the invention, these operations can ait be centralized in the same computer, or they can be divided between two 
integrated computers in a manner such that, for example, one of them handles telephone communications and the 
other one handles data communications. 
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The qateway computer 1 must operate as a gateway between two very ditf erent networks "^^'y^'^f^l'^^f^^!:^^ 
mdlhTGSMmoBiUs^ilcWngcsnMMSOnMdnol know .hat ,h.dat..ob.transter,ed has been ,n.a«le™n^ 



lormat 



Rgure 3 illustrates the protocol conversions which must be carried out in a gateway ^^P^i^J^fJ^'.^^^ 

-inoo lODM o Qcn7iQn n-7 The cnrresDondinq eve s on the HiKbMLAiN raaio inieiicii.t5 ui la^^. 

are described ^" ^J^^^^^^ Definition Document-, Feb. 1993. 

OnTe h'pERlTn sTde S the network. Conversions between protocols take place 

prefer:.^ Presses in the gateway computer, and the technique used in their imp.ementat,on .s 

"T:^:rTorp.:rtresTdrtranste. 

nPneral data transfer network preferably the Internet network 6. This connection can be handled by the same Qa^^^V 

°=''rdr:x:rc:,=zrdrL~sr 

ridio loc2 area^etwork Changes of network configuration, which take place within the radio local area network due 
to t e mo ing Of the data termLls 3a - 3f in relation to each other. gateway c^^^^^^^^^ 

Respond to the subscriber and visitor data bases SDB and VDB of the mobile sw.tch.ng centre. 

Tview of the internet network, the gateway computer 1 or a corresponding node, having ^J'^^^ °^^'2osl o^ 
radio lo^al area network must handle the previously mentioned home and foreign agent operations, the Purpose of 
Which "to SolSobile internet nodes' which are in the radio local area networks ^^^^--^^^Jjodts ^a^^^^^ 
Tr^^sitors These operations are programmable processes, and they deal with the Internet addresses of nodes, saved 

^rrJu^mm^^^^^^^^^ trom the gateway computer f or several integrated control 

computers of the same radio local area network: 

- HIPERLAN- GSM protocol conversion and the implementation of interfaces , ■ 

H pIrlan - General wired data transfer network protocol conversion and the implementation of interfaces 
: eml^ion o, trbTse stitn subsystem and control of the mobillty^of nodes within the radio local area network 
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home and foreign agent operations. 

In addition, in \he preferred embodiment the gateway computer 1 offers similar intelligent telephone services within 
the HIPERLAN network as are offered by the current digital switching centres of PSTN telephone systems and the 

5 switching centres of cellular radio systems, and are known as such. Examples of such services include call transfer, 
shortcut dialling and delivery of messages. 

Figure 5 shows a schematic block diagram, which illustrates the structure of the gateway computer 1 . Its operation 
is controlled by the control unit lb, the program of which and other online information of e.g. node addresses and 
routing :is savedftn storage media 1a. The radio transmitter/receiver equipment I c constitute, a radio interface in the 

TO HIPERLAN network. Connection from the HIPERLAN networktothe mobile switching centre MSG of the general cellular 
network, the Internet network 6 or the wired data transfer network 8 is selected in the switching portion 1d. If the 
connection takes place between two data terminals within the radio local area network, the switching portion Id does 
not connect it to any external network. The protocol conversion operations corresponding, to different networks take 
place in blocks 1e, 1f and 1g, and line transmitter/receiver devices, which constitute a physical connection with other 

is networks, are marked with reference numbers 1h. 1i and 1j. 

In the following, the location and mobility control, which is an essential part of all telecommunication systems using 
mobile data terminals, will be described in more detail. Figure 4 illustrates how the concepts PLMN (Public Land Mobile 
Network) area, MSG (Mobile Switching Gentre) area, LA (Location Area) and HLA (Home Location Area) are related 
to each other in the previously known manner. The user is a registered subscriber of the PLMN area of the network 

20 operator, from whom the user interface concerned has been bought or leased. Gontrol of this area is divided between 
many mobile switching centres MSG, and each MSG is further divided into location areas LA. One of these location 
areas is usually defined as the home location area HLC of the user, and while being in the HLG, the user has certain 
advantages, such as lower telephone tariffs. 

In the arrangement according to the invention, the radio local area network constitutes at least one location area 

25 LA, which can be defined as the home location area HLA of the data terminals located in it. Generally, the size of 
location areas is determined on the basis of the capacity and power requirements of the system. Because the location 
of each data terminal is defined in the system with the accuracy of the location area, the size of the areas affects 
particularly the volume of the communications required for updating the locations of the mobile stations and for trans- 
mitting the paging message to a certain data terminal. If the office constitutes one location area, a paging message to 

30 any data terminal within the office area must be sent in the whole radio local area network, in which case all the mobile 
stations also interprete all paging messages. An opposite alternative is that each node constitutes its own location 
area, in which case a call to a certain data terminal will be sent in the radio local area network to one node only In the 
latter alternative, changes have to be made frequently in the location data bases maintained by the gateway unit, as 
the users walk around the office carrying the data terminal. However, in view of reducing the power consumption of 

35 the data terminals, sending the paging messages in one node only is a better alternative, because then one data 
terminal needs to interpret only a small number of paging messages. 

The location areas can also be defined as a compromise of two of the extreme alternatives presented above, in 
which case each location area comprises a few nodes. If the company has several offices in different locations, by an 
agreement to be concluded with the network operator it is possible to give the employees of the company certain 

40 advantages, which are in force in the location areas constituted by all the offices or some of them. 

Gontrolling the mobility of the users and their data terminals takes place in the system according to the invention 
in a manner such that the gateway computer 1 follows the movements within the radio local area network, and the 
databases of the mpbile switching centre MSG only' have the information that the data terminal is within the area 
controlled by a certain gateway computer When a paging message comes to the data terminal, the mobile switching 

46 centre MSG directs it to the gateway computer 1 , which further directs it to be sent to the nodes which constitute the 
location area where the data terminal in question is located according to the location database of the gateway computer 
1 . If the radio local area network constitutes only one location area, the gateway computer 1 routes the call to the right 
node on the basis of location and connection information saved in its storage media 1a. 

Data security, which means checking the rights of users and protecting privacy by encryption is taken care of in 

so the system according to the invention in the same previously known manner which is used in a general cellular radio 
system, a GSM system in this exemplary embodiment. In the invoicing of telephone calls, there are many alternatives 
by which a company using a system according to the invention can, for example, arrange that internal telephone calls 
in the office are free of charge and only outgoing calls are paid for In addition to actual telephone calls, invoicing can 
also be based on the proportion of signalling which. does not contain speech or transferrable data information, but, for 

55 example, updates of location information, which are handled through the general cellular network and thereby cause 
costs to the operator. In addition, invoicing can be proportioned to the level of service that the users want in a manner 
such that the cheapest level of service only includes only use in the home environment of a second category application 
created by means of the home-gateway, and the most expensive level includes an operation area covering the whole 
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country in all suitable radio local area networks and in the general cellular radio network between them. 

The following is a description of handover operations, or changing the routing of a telephone connection .n use 
when the user wUh the data terrr^inal moves so much that the original route is no more the best possible ^^J-^lf 
To the quality of the connection. In the system according to the invention, the objective .s to be able ^^^/^^J^ 
functions by means of the currently defined operations to as great an extent as possible. There are three diff erent types 
of hando^^^^^ operations: under the same base station controller (Intra-BSC). between base station subsystems (Inter- 

RSS^ and between switching centres (inter-MSC). 

BSausethegatewayclputerlinthesystemaccordingtothe invention correspondstothe^^^^^ 

BSC of an.ordinary cellular radio system, it deals with all handover operations taking place within the office that is 
wrthin its own base station subsystem (its own radio local area network). Decisions on changing the routing wrthin the 
Xce Ire based on measurements, which the mobile stations make in accordance with previously known standards 
. Sgulating their operation and from which information is transmitted to the gateway computer 1 in the same way as to 
the base station controller of an ordinary cellular radio system. , o..,it^hinn 

Wrth regard to the invention, handover operations between the base station subsystems and between switching 
centres are similar in that in both cases the data terminal moves across the administrative border "^^^^^^ °«'- 
communication system according to the invention and the general cellular radio system. In this case, the mobile switch- 
ing cenUe MSG performs the handover operation in the previously known manner. If the system according to the 
nvention is located in the coverage area of the general cellular radio system, there can anse a '"^f ^ 

data terminal does not move, but because of interference conditions, the quality of the connection would be better 
whdn tLsmitted through the general cellular radio network. In the preferred embodiment of the invention, in which 
Te l^ation area constitLd by the office is used as the home location area of the data terminaU IS howe 
to transmit the connection through the system of the invention as long as the quality of the connectior, remains satis^ 
fac^o^. correspondingly, if a connection has been handed over to the general cellular radio systenri. it is pre^.ed to 
retum to the system according to the invention as soon as the quality of the connection can be 7de sat.sfactory. 

Because the HIPERLAN radio interface and the GSM interface are very different, for example with regard o the 
speed of movement supported by them (GSM < 250 km/h), HIPERLAN < 36 km/h), switching from the radio local area 
network to the general cellular network or vice versa can cause delays, which are due to running the programrriab^ 
™sses used for the implementation of the interface in the data terminals and/or in the S^^^^^V '=°'^P"^«;J;,,^°^ 
t'hTspurpose,itissuggestedthataconceptofcallre-establishmentbedefined.Whenthed^^^ 

to another data terminal, the gateway computer 1 or the base station BS, it should be able soon to establ^h a s-bst.tut ve 
connection via another node or base station of the general cellu lar system. The operation corresponds to the mobile- 
initiated handover defined in the DECT system. 4 d^^omo^^ 

The following is a description of mobile stations used in the data transfer system according to he invention. Because 
in the system according to the invention, the radio local area networks are formed particularly in de^f^ 
cornmunications. it is very likely that they overlap with the coverage area of a general cellular radio "^^work for example^ 
a GSM network) A user who has an ordinary GSM mobile station can use it normally without paying attent on to the 
radio local area networks, the intemal operation of which takes place on different frequencies than the GSM connec- 
tions and thus the invention does not force old users to upgrade their equipment. 

The equipment best suited to be used in connection with the invention are new kind of integrated mobile stations 
which have radio equipment for operating both in the GSM system and in radio local area networks. «<>;<=3"^d ^'P^j^^ 
Tan islands. Radio equipment similar to those used in the current GSM phones are suitable for operating in the GSM 
system. The equipment required for the HIPERLAN operation are described, or example. 7 P"^ 
ETS1 TC-RES HIPERLAN Sen/ices and Facilities document: "Radio Equipment and Systems (RES) HIPERLAN Sen/ 
Tees and facilities / System Definition Document", Feb. 1993. Data terminals provided with two radio equipment can 
become for example the Personal Communicators of the future, by means of which users can transmit text, binary 
da'a. sound and image to each other. In the radio local area networks, it is also possible to use more -0-°--^^^ 
terminals, capable of HIPERLAN operations only which can operate in the area of a certain radio local area network 
or networks, but not outside of them where GSM connections are required. 

.The invention provides an integrated form of data transfer, by means of which it is possible to transmit all services 
required from personal communication in the future. It combines the mobility and wide coverage of cellular radio net- 
works and the high capacity of the Internet network between computers. In areas where fast movement (<250 km^) 
is possible, users are offered services via the GSM network, and.in offices and other areas with dense commuriications 
where high-capacity data transfer is required, via radio local area networks. The invention eliminates the "^f to buHd 
overlapp^g. wired data transfer networks in office buildings, because all data transfer takes place 'ocaliy v« one 
network which is also a wireless radio network, and so the users are not required to stay in one place wrth t^^.r data 
terminals. The mobility of the data terminals makes the system according to the invention lexible and advantageous 
in the long temi because there will be few new installations, and changes to the existing installations are rarely required. 
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Claims 



A telecommunication system for transmitting data in electric form between data terminals {3a, 3b, 3c, 3d, 3e. 3f , 
3g. 3h), comprising 

a general cellular radio network, which comprises a mobile switching centre (MSG), base station controllers 
(BSC) and base stations (BS), and 

a first multi-user radio local area network, which comprises data terminals provided with radio transmitter/ 
receiver equipment (3a, 3b, 3c. 3d, 3e, 3f), each of which constitutes a node of said local area network and 
has a radio connection to at least one other node, 

characterized in that said first radio local area network also comprises a first gateway (1) for establishing a data 
transfer connection between said first radio local area network and the mobile switching centre (MSG) of a general 
cellular radio network and carrying out the required protocol conversions between the data transfer protocols used 
in said first radio local area network and the data transfer protocols used in said general cellular radio network. 

A telecommunication system according to Claim 1, characterized in that said first radio local area network also 
comprises a second gateway (1) for establishing a data transfer connection between said first radio local area 
network and a certain general network (6) intended for data transfer between computers and for carrying out the 
required protocol conversions between the data transfer protocols used in the first radio local area network and 
the data transfer protocols used in said general network (6) intended for data transfer between computers. 

A telecommunication system according to Claims 1 or 2» characterized in that said first gateway (1 ) is essentially 
the same as said second gateway (1). 

A telecommun ication system according to any one of the preceding claims, characterized in that said first gateway 
(1 ) connects to said mobile switching centre (MSG) of the general cellular radio network at an interface (2). which 
is essentially similar to the interface (A) between the mobile switching centre (MSG) and the base station controller 
(BSC) defined in said general cellular radio network. 

5. A telecommunication system according to any one of the preceding claims, characterized in that it also comprises 
a service device (1), which incorporates means (la) for saving information about the nodes which at each time 
are located in said first radio local area network and about connections between them, and means for changing 
the saved information when one of the nodes of said first radio local area network moves in relation to the other 

3S nodes or moves out of the network or comes to the network, and means (1 d) for routing data transfer connections 

from a data terminal of said first radio local area network to another essentially without any operation of said general 
cellular radio network. 

6. A telecommunication system according to Claim 5, characterized in that at least one of the nodes (3c) of said 
40 first radio local area network is defined as a mobile node of said general network (6) intended for data transfer 

between computers, whereby it has a certain mobile node address in said general network (6) intended for data 
transfer between computers, and said service device (1) also comprises means (la) for saving information on 
whether said node (3c) defined as a mobile node is in said first radio local area network or not. and what Is the 
current routing of the data transfer connection to said node (3c) defined as a mobile node. 

45 . 

7. A telecommunication system according to Claim S or 6, characterized in that said sen/ice device (1 ) is essentially 
the same as said first gateway (1) or said second gateway (1 ). 

8. A telecommunication system according to any one of the preceding claims, characterized In that it also comprises 

so 

a third gateway (7) for arranging a data transfer connection between said first radio local area network and a 
certain general, wired network (8) intended for data transfer between home and office data terminals and for 
carrying out the required protocol conversions between the data transfer protocols used in said first radio local 
area network and the data transfer protocols used in said general network (8) intended for data transfer be- 
55 tween home and office data terminals, and 

- ■ a fourth gateway (10) for forming a limited, second radio local area network in an area (HE) comprising one 
or several rooms, which is located in a place other than said first radio local area network, and for carrying out 
the required protocol conversions between the data transfer protocols used in said second radio local area 
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network and the data transfer protocols used in said general, wired network (8) intended for data transfer 
betreen h^^^^^^^ data terminals, whereby the data transfer connection between said t.-t and s^^^^^^^ 

raTo local area network takes place via said third (7) and fourth (10) gateway between them v.a sa.d 
general, wired network (8) intended tor data transfer between home and office data terminals. 

A telecommunication system according to Claim 8. characterized in that said third gateway (7) is essentially the 
same as said first gateway (1) or said second gateway (1). 

A radio local area network for transmitting information in electric form between data terminals (3a. ^b, 3c 3d 3e 
3f cornprising dkta terminals (3a, 3b, 3^, 3d,' 3e. 3f) provided with radio transmitter/receiver equipment each of 
wLhTta terminals constitutes a node of said radio local area network and has a radio connection to at least one 
le'nodrchara^^^^^^^^ In that it also comprises a first gateway (1) for establishing a data transfer connection 
teZeT'sa^^^^ area network and the mobile switching centre (MSG) of a general ce-iular^^^^^^^^^^^ 
and for carrying out the required protocol conversions between the data transfer protocols used .n said radio local 
area network and the data transfer protocols used in said general cellular radio network. 

A radio local area network according to Claim 10, characterized in that it also comprises a second gateway (1 ) 
to esta ^h n7a d^^^^^^^^^ connection between said radio local area network and a certain general netw^^^^^ 
6 "tended for data transfer between computers, and for carrying out the required protocol -on^fj^^^^^^^ 
the data transfer protocols used in said radio local area network and the data transfer protocols used .n the general 
network (6) intended for data transfer between computers. 

A radio local area network according to Claim 10 or 11 . characterized in that said first gateway (1 ) is essentially 
the same as said second gateway (1). 

A radio local area network according to any one of Claims 1 0 to 1 2, characterized in ^^^^^ 

device (1) which incorporates means (l a) for saving information about the nodes which at each t me are loca^d 
fn sLid radio local area network and about connections between them, and means for changing the saved infor- 
Lttn wh n one of tTe nies of said radio local area network moves in relation to the other nodes o~ ou 
ofThe network or comes to the network, and means (Id) for routing data '^-''f'J°--f'°'''''°^^^ 
of said radio local area network to another essentially without any operation of external systems which are not part 
of said radio local area network. 

A radio local area network according to Claim 1 3. characterized In that at least one of its nodes (3c) is defined 
as a mobile node of said general network (6) intended for data transfer between computers, whereby .t has a 
certairmobile node address in said genera, network (6) intended for data transfer between -mpu -s -d said 
service device (1) also incorporates means (la) for saving information on whether saKJ node (3c defined as a 
mobL node is in iaid radio local area network or not, and what is the current routing of the data transfer connection 
to said node (3c) defined as a mobile node. 
, A radio local area network according to Claim 1 3.or 1 4. characterized in that said sen/lce device (1 ) is essentially 
the same as said first gateway (1) or said second gateway (1). 

A radio local area network according to any one of Claims 10 to 15, characterized In that it J^°^°^^P ^^^^^^ 
gateway (7) for arranging a data transfer connection between said radio local area network and a <=«rta,n general 
£ed network (8) intended for data transfer between home and office data terminals ar.d for carjv».g out the 
required protocol conversions between the data transfer protocols used ,n said radio loca area l^^^'^'^^^^'^l 
Sa transfer protocols used in the general, wired network (8) intended for data transfer between home and office 
data terminals. , . * 

A radio local area network according to Claim 16, characterized in that said third gateway (7) is essentially the 
same as said first gateway (1 ) or said second gateway (1 ). 

1 8. A gateway (1 ) for establishing a data transfer connection between the radio local /^^^^^^^^^^^'A^ 

ceSular radio network, which general cellular radio network comprises a mobile switching centre (MSC), base 
station controllers (BSC) and base stations (BS), characterized in that it comprises 

. a radio transmitter/receiver (1c) for providing a radio interface for a data terminal located in said radio local 
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area network, 

a line transmitter/receiver (1h) for providing an interface (2) for the mobile switching centre (MSG) of said 
general cellular radio network, which interface (2) is essentially sinnilar to the interface (A) between the mobile 
switching centre (MSG) and the base station controller (BSC) defined in said general cellular radio network, and 
5 - means (le) for carrying out the required protocol conversions between the data transfer protocols used in said 

radio local area network and the data transfer protocols used in said general cellular radio network, 

19. A gateway according to Glaim 18, characterized in that it also comprises a line transmitter/receiver (1 i) for pro- 
viding an interface for a certain general network (6) intended for data transfer between computers, and means (If) 

10 for carrying out the required protocol conversions between the data transfer protocols used in said radio local area 

network and the data transfer protocols used in said general network intended for data transfer between computers. 

20. A gateway according to Glaim 16 or 19, characterized in that it also comprises a line transmitter/receiver (1 i) for 
providing an interface for a certain general, wired network (8) intended for data transfer between home and office 

15 data terminals, and means (lg) for carrying out the required protocol conversions between the data transfer pro- 

tocols used in said radio local area network and the data transfer protocols used in said general, wired network 
intended for data transfer between home and office data terminals. 

21. A gateway according to any one of Claims 1 8 to 20, characterized in that it also comprises means (la) for saving 
20 information about the nodes which at each time are located in said radio local area network and about connections 

between them, and means (lb) for changing the saved information when one of the nodes of said radio local area 
network moves in relation to the other nodes or moves out of the network or comes to the network, and means 
(Id) for routing data transfer connections from a data terminal of said radio local area network to another essentially 
without any operation of external systems which are not part of said radio local area network. 

25 

22. A gateway according to any one of Claims 1 9 to 21 . characterized in that it also comprises means (la) for saving 
information on 

whether said radio local area network includes nodes (3c) which are defined as mobile nodes of said general 
30 network (6) intended for data transfer between computers, whereby they have a certain mobile node address 

in said general network (6) intended for data transfer between computers, 

whether said nodes (3c) defined as mobile nodes are in said radio local area network at a given moment or 
not, and 

what is the current routing of the data transfer connection to said nodes defined as mobile nodes (3c)- 

35 

23. A method for implementing an electric data transfer connection between two data terminals (3a. 3b, 3c, 3d, 3e, 
3f) provided with radio transmitter/receivers, which data terminals can operate in a radio local area network the 
data terminals of which, provided with radio transmitter/receivers, constitute nodes, characterized in that it com- 
prises the following operations: 

40 

the first data terminal (3a), which starts the communication, establishes a connection to the first gateway (1 ) 
controlling the operation of the first radio local area network, and notifies that It wants to establish ia data 
. transfer connection to a certain other data terminal (3b; 3c; 3g) and also notifies whether it wants a telephone 
connection or a slow or fast data connection, 

45 - on the basis of information saved in its storage media (la), said first gateway (1) determines whether said 

second data terminal (3b; 3c; 3g) is in the same first radio local area network as said first data terminal (3a), 
if said first and second data terminal (3a; 3b; 3c; 3g) are in the same radio local area network, said first gateway 
(1) routes the connection between them using nodes which are located in said first radio local area network, 
if said first and second data terminal (3a, 3b; 3c; 3g) are not in the same radio local area network and said 

50 first data terminal (3a) has notified that it wants a telephone connection or a slow data connection, said first 

gateway directs the connection request to a certain mobile switching centre (MSG) of the general cellular radio 
system, 

if said first and second data terminal (3a; 3b; 3c; 3g) are not in the same radio local area network and said 
first data terminal (3a) has notified that it wants a fast data connection, said first gateway (1) directs the con- 
55 nection request via a certain other gateway (1) to a certain general network (6) intended for data transfer 

between computers, and 

if said first and second data terminal (3a; 3b; 3c; 3g) are not in the same radio local area network, but said 
second data terminal (3g) is in a certain other radio local area network from which there is a connection to 
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said first radio local area network via a certain third gateway (7) and a certain general, wired network 8) 
intended or^^^^^ 

requ^e^^^^^^^^ gateway (7) and said general, wired network (8) intended for data transfer between hor.e 

and office data terminals to said second radio local area network. 
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(54) Integrated radio communication system 

(57) The invention relates to an integrated data 
transfer system, the extensive basis of which is consti- 
tuted by a general cellular radio system, preferably the 
GSM system, and in which a radio local area network, 
preferably the HIPERLAN network, is used for commu- 
nication between data terminals (3a, 3b, 3c, 3d, 3e, 3f) 
in smalt areas with dense communications. In addition, 
the Internet network (6) is used for fast data transfer 
The connection between networks is controlled and 
handled by a gateway computer (1) located in each ra- 
dio local area network. In view of the cellular radio sys- 
tem, the gateway computer operates like a base station 



controller (BSC). The radio local area network consists 
of the coverage areas or ceils (4b, 4c) of the data termi- 
nals, and it can be formed; changed and dissolved free- 
ly. The corriputer terminals (3c) preferably have an In- 
ternet address enabling mobility whereby the gateway 
computer (1 ) handles the routing to the nodes of the net- 
work and the mobile Internet nodes visiting it. In a home 
or small office environment (HE) there can be formed a 
small-scale radio local area network, the gateway (10) 
of which is by means of an existing connection and the 
corresponding general data transfer network (8) con- 
nected to a certain, larger local area network, preferably 
located in an office environment. 
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